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What is claimed is 



1. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second /terminal of an 
Integrated Circuit (IC) , whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected betv^een said first terminal 

/ 

and said second terminal thereby protecting said IC from 

/ 

potential damage that can be caused by exposure of said IC to 



lid^ 



extreme values of voltage from said ESD source^ whereby said ESD 
protection circuit comprises: 

a ESD pulse clamp means fo'r shunting said electrostatic 
pulse from said IC having a farst port that is connected to said 
5^ first terminal of said IC, A second port that is connected to 

said second terminal of said IC, and a third port; and 



Ql an ESD pulse detec/ion means having a first input port 

m 

connected to said firs't terminal of said IC, a second input port 
connected to said sJoond terminal of said IC, an output port that 
is connected to saad third port of said ESD pulse clamp means, 
whereby in detecting a presence of said electrostatic pulse said 
ESD pulse detection means generates a voltage that triggers said 
ESD pulse clamp means thereby shunting said electrostatic pulse 



from said ip. 
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2. The circuit of claim 1 wherein said ESD pulse detection means 
contains a network comprising a resistive component having a 
first and a second terminal, a capacitive component having a 
first and a second terminal, and a voltage inverter. 

3. The circuit of claim 2 wherein said voltage inverter comprises 
a PMOS device having connections of gate electrode, source, drain 
and bulk, and a NMOS device having connections of gate electrode, 
source, drain and bulk, whereby said voltage inverter contains a 
first port, a second port, a third port, and a fourth port, 

4. The circuit of claim 3 wherein said first port of said voltage 
inverter is connected to said first terminal of said IC, while 
said second port of said voltage inverter is connected to said 
second terminal of said IC, 

5. The circuit of claim 3 wherein said connections of gate of 
said PMOS device and of said NMOS device are commonly connected 
to said third port of said voltage inverter, 

6. The circuit of claim 3 wherein said connection of drain and 
said connection of bulk of said PMOS device are commonly 
connected to said first port of said voltage inverter. 
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7. The circuit of claim 3 wherein said connection of source and 
said connection of bulk of said NMOS device are commonly 
connected to said second port of said voltage inverter. 



8. The circuit of claim 3 wherein said connection of source of 
said PMOS device and said connection of drain of said ISIMOS device 
are commonly connected to said fourth port of said voltage 
inverter* 



9* The circuit of claim 2 wherein said capacitive component has a 
first terminal and a second terminal, said first terminal of said 
capacitive component is connected to said first terminal of said 
IC, said resistive component has a first terminal and a second 
terminal, said second terminal of said resistive component is 
connected to said second port of said IC, and said second 
terminal of said capacitive component and said first terminal of 
said resistive component are commonly connected to said third 
port of said voltage inverter. 



10. The circuit of claim 1 wheyein said ESD pulse clamp means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, wherfeby said ESD pulse clamp means 
contains a first port and / second port and a third port. 
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11. The circuit of claim 10 wherein said first port of said ESD 
pulse clamp means is connected to said first terminal of said IC, 
said second port of said ESD pulse clamp means is connected to 
said second terminal of said IC, said third port of said ESD 
pulse clamp means is connected to said fourth port of said 
voltage inverter^ said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said ESD 
pulse clamp means, said connection of source of said PMOS device 
is connected to said second port of said ESD pulse clamp means, 
said connection of gate of said PMOS device is connected to said 
third port of said ESD pulse clamp means. 

12. The circuit of claim 2 wherein said capacitive component of 
said ESD pulse detection means comprises: 

a PMOS device having connections of gate electrode^ source, 
drain and bulk, said connections of source, drain and bulk of 
said PMOS device are commonly connected to said second terminal 
of said capacitive component, said connection of gate is 
connected to said first terminal of said capacitive component; 
and ^7"-----^ 



a NMOS device having connections of gate electrode, source,"- 
drain and bulk whereby said connection of gate electrode is 
connected via a resistive load component to said second terminal 
of said capacitive component, said connection of source is 
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connected to said second terminal of said capacitive component, 
said connection of drain is connected to said first terminal of 
said capacitive component, said connection of bulk is connected 
to said second terminal of said resistive component, 

13. The circuit of claim 2 wherein said capacitive component of 
said ESD pulse detection means comprises a PMOS device having 
connections of gate electrode, source, drain and bulk, said 
connections of source, drain and bulk of said PMOS device are 
commonly connected to said first terminal of said capacitive 
component, said connection of gate is connected to said second 
terminal of said capacitive component. 

14 • The circuit of claim 2, wherein: 

said capacitive component of said ESD pulse detection means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source, drain and 
bulk of said PMOS device are commonly connected to said second 
terminal of said capacitive component, said connection of gate is 
connected to said first terminal of said capacitive, said 
capacitive component further comprises a NMOS device having 
connections of gate electrode, source, drain and bulk, said 
connection of gate electrode is connected via a resistive load 
component to said second terminal of said capacitive component, 
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said connection of source is connected to said second terminal of 
said capacitive component, said connection of drain is connected 
to said first terminal of said capacitive component, said 
connection of bulk is connected to said second terminal of said 
resistive component; and 

said resistive component comprises a PMOS device having 
connections of gate electrode, source, drain and bulk, said 
connection of gate is connected via a resistive load to said 
second terminal of said resistive component, said connection of 
source is connected to said second terminal of said resistive 
component, said connections of drain and of bulk are commonly 
connected to said first terminal of said resistive load. 

15. The circuit of claim 2 wherein: 

said capacitive component of said ESD pulse detection means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source, drain and 
bulk of said PMOS device are commonly connected to said first 
terminal of said capacitive component, said connection of gate is 
connected to said second terminal of said capacitive component; 
and 

said resistive component of said ESD pulse detection means 
comprises a NMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source and bulk of 



38 



TSMC2000-004 

said NMOS device are commonly connected to said second terminal 
of said resistive component, said connection of gate is connected 
via a resistive load to said first terminal of said capacitive 
component, said connection of drain of said NMOS device is 
connected to said first terminal of said resistive component. 



16. The circuit of claim 10 wherein said first port of said ESD 
pulse clamp means is connected to said first terminal of said IC, 
said second port of said ESD pulse clamp means is connected to 
said second terminal of said IC, said third port of said ESD 
pulse clamp means is connected to said fourth port of said 
voltage inverter, said connection of source of said PMOS device 
is connected to said second port of said ESD pulse clamp means, 
said connection of drain of said PMOS device is connected to said 
first port of said voltage inverter, said connection of gate of 
said PMOS device is connected to said third port of said voltage 
inverter, said connection of bulk of said PMOS device is 
connected to said connection of gate of said PMOS device via well 
resistance that is present in the N-well underlying said PMOS 
device . 

17. The circuit of claim 16 wherein said capacitive component of 
said ESD pulse detection means comprises parasitic capacitance 
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that is present between said third port of said voltage inverter 
and said first terminal of said IC. 




Ci 
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18. The circuit of claim 10 wherein said first port of said ESD 
pulse clamp means is connected to said first terminal of said IC, 
said second port of said ESD pulse clamp means is connected to 
said second terminal of said IC, said third port of said ESD 
pulse clamp means is connected to said fourth port of said 
voltage inverter, said connection of bulk of said PMOS device to 
connected to said third port of said ESD pulse clamp means via 
well resistance that is present in a N-well underlying said PMOS 
device, said connection of source said PMOS device is connect-^d 
to said first port of said ESD pulse clamp means, said connection 
of drain of said PMOS device is connected to said second port of 
said IC, said connection of gate of said PMOS device is connected 
to said first port of said ESD pulse clamp means via a resistive 
load. 



19. The circuit of claim 18 wherein said capacitive component of 
said ESD pulse detection means comprises parasitic capacitance 
that is present between said third port of- said voltage inverter 
and said first terminal of said IC. 
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20. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a a/cond terminal of an 
Integrated Circuit (IC) , whereby said ES^5 protection circuit has 
as objective to dissipate an electrosfc/tic pulse that originates 
from an ESD source that is connectec/ between said first terminal 
and said second terminal thereby jhrotecting said IC from 
potential damage that can be ca/sed by exposure of said IC to 
extreme values of voltage fro/ said ESD source, whereby said ESD 
protection circuit comprises : 



an ESD pulse clamp me4ns for shunting said electrostatic 
pulse from said IC havin/ a first port that is connected to said 
first terminal of said/c, a second port that is connected to 
said second terminal /f said IC, and a third port; 

an ESD pulse d/tection means having a first input port 
connected to said/first terminal of said IC, a second input port 
connected to sblM second terminal of said IC, an output port that 
is connected b6 said third port of said ESD pulse clamp means; 

said ESp pulse detection means containing a network 
comprising / resistive component, a capacitive component, and a 

voltage inverter; 

sai/ voltage inverter of said ESD pulse detection means 
compris/ng a PMOS device having connections of gate electrode, 
sourc/ drain and bulk, and a NMOS device having connections of 
gate/electrode, source, drain and bulk, whereby said voltage 
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inverter contains a first port, a second port, a third BSort, and 
a fourth port, said first port of said voltage invertsTr is 
connected to said first terminal of said IC, said s/cond port of 
said voltage inverter is connected to said second/ terminal of 
said IC, said connections of gate of said PMOS/tievice and said 
NMOS device are commonly connected to said tftird port of saxd 
voltage inverter, said connection of bulk/and drain of said PMOS 
device is commonly connected to said fj/st port of said voltage 
inverter, said connection of source a-nd said connection of bulk 
of said NMOS device are commonly connected to said second port of 
said voltage inverter, said conr^ction of source of said PMOS 
device and said connection of /rain of said NMOS device are 
commonly connected to said f/urth port of said voltage inverter; 

said capacitive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said first 
terminal of said capaci/ive component being connected to said 
first terminal of saia IC; 

said resistive/component of said ESD pulse detection means 
comprising a firs/ terminal and a second terminal, said second 
terminal of sai/ resistive component being connected to said 
second terminal of said IC, and said second terminal of said 
capacitive obmponent and said first terminal of said resistive 
component Jeing commonly connected to said third port of said 
voltage d^verter; and 
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said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain andyfculk, whereby 
said ESD pulse clamp means contains a first port and a second 
port and a third port, said first port of s^ld ESD pulse clamp 
means is connected to said first terminal/of said IC, said second 
port of said ESD pulse clamp means is eksnnected to said second 
terminal of said IC, said third port/of said ESD pulse clamp 
means is connected to said fourth >^ort of said voltage inverter, 
said connections of bulk and drain of said PMOS device are 
commonly connected to said fi^st port of said ESD pulse clamp 
means, said connection of source of said PMOS device is connected 
to said second port of sa/d ESD pulse clamp means, said 
connection of gate said/pMOS device is connected to said third 
port of said ESD puis/ clamp means. 



21. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC) , whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 
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an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected 'to said first port of said voltage 



TSMC2000-004 



inverter, said connection of source and said connection of bulk 
of said NMOS device are commonly connected to said second port of 
said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverter; 

said capacitive component of said ESD pulse detection means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source, drain and 
bulk of said PMOS device are commonly connected to said second 
terminal of said capacitive component, said connection of gate is 
connected to said first terminal of said capacitive component, 
said capacitive component also comprising a NMOS device having 
connections of gate electrode, source, drain and bulk whereby 
said connection of gate electrode is connected via a resistive 
load component to said second terminal of said capacitive 
component, said connection of source is connected to said second 
terminal of said capacitive component, said connection of drain 
is connected to said first terminal of said capacitive component, 
said connection of bulk is connected to said second terminal of 
said resistive component; 

said resistive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said second 
terminal of said resistive component being connected to said 
second terminal of said IC, and said second terminal of said 
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capacitive component and said first terminal of said resistive 
component being commonly connected to said third port of said 
voltage inverter; and 

said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain and bulk, whereby 
said ESD pulse clamp means contains a first port and a second 
port and a third port, said first port of said ESD pulse clamp 
means is connected to said first terminal of said IC, said 
second port of said ESD pulse clamp means is connected to said 
second terminal of said IC, said third port of said ESD pulse 
clamp means is connected to said fourth port of said voltage 
inverter, said connections of bulk and drain of said PMOS device 
are commonly connected to said first port of said ESD pulse clamp 
/ means, said connection of source of said PMOS device is connected 

Ol to said second port of said ESD pulse clamp means, said 

connection of gate said PMOS device is connected to said third 
port of said ESD pulse clamp means- 



^3 
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22. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a firsyc terminal and a second terminal of an 
^ 1^ Integrated Circuit {IC)/, whereby said ESD protection circuit has 
as objective to dissit/ate an electrostatic pulse that originates 
from an ESD source tftat is connected between said first terminal 
and said second terminal thereby protecting said IC from 
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potential damage that can be caused by exposure of said/lC to 

extreme values of voltage from said ESD source, whereby said ESD 

/ 

protection circuit comprises: 

an ESD pulse clamp means for shunting said^.electrostatic 
pulse from said IC having a first port that connected to said 
first terminal of said IC, a second port^^at is connected to 
said second terminal of said IC, and a b^ird port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of'^said IC, a second input port 
connected to said second terminal^ of said IC, an output port that 
is connected to said third poxjL of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive c(&mponent having a first and a second 
terminal, and a voltage inverter; 

said voltage in/erter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain an/ bulk, and a NMOS device having connections of 
gate electrode/ source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth pott, said first port of said voltage inverter is 
connected/to said first terminal of said IC, said second port of 
said vo]n:age inverter is connected to said second terminal of 
said :CC, said connections of gate of said PMOS device and said 
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NMOS device are commonly connected to said third port of/said 
voltage inverter, said connections of bulk and drain /f said PMOS 
device are commonly connected to said first port of/said voltage 
inverter, said connection of source and said conn^ection of bulk 
of said NMOS device are commonly connected to Baid second port of 
said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of sa/d NMOS device are 
commonly connected to said fourth port yOf said voltage inverter; 

said capacitive component of saiA ESD pulse detection means 
comprises a PMOS device having coninections of gate electrode, 
source, drain and bulk whereby s^id connections of source, drain 
and bulk of said PMOS device ale commonly connected to said first 
terminal of said capacitive Component, said connection of gate is 
connected to said second terminal of said capacitive component. 

said resistive compc/nent of said ESD pulse detection means 
comprising a first ternunal and a second terminal, said second 
terminal of said res/stive component being connected to said 
second terminal of /said IC, and said second terminal of said 
capacitive compon4nt and said first terminal of said resistive 
component bein/ commonly connected to said third port of said 
voltage inverter; and 

said ESD pulse clamp means comprising a PMOS device having 
connectior/s of gate electrode, source, drain and bulk, whereby 
said ESI/ pulse clamp means contains a first port and a second 
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port and a third port, said first port of satid ESD pulse clamp 

means is connected to said first terminal/of said IC, said second 

port of said ESD pulse clamp means is connected to said second 

terminal of said IC, said third port of. said ESD pulse clamp 

means is connected to said fourth ^©rt of said voltage inverter, 

said connections of bulk and drain of said PMOS device are 

/ 

commonly connected to said first' port of said ESD pulse clamp 
means, said connection of sou^e of said PMOS device is connected 
to said second port of said ESD pulse clamp means, said 
connection of gate said PMOrS device is connected to said third 
port of said ESD pulse clamp means. 

23. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC), whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
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first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC^ an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of said NMOS device are commonly connected to said second port of 
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said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverter; 

said capacitive component of said ESD pulse detection means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source, drain and 
bulk of said PMOS device are commonly connected to said second 
terminal of said capacitive component, said connection of gate is 
connected to said first terminal of said capacitive component, 
said capacitive component further comprises a NMOS device having 
connections of gate electrode, source, drain and bulk, said 
connection of gate electrode is connected via a resistive load 
component to said second terminal of said capacitive component, 
said connection of source is connected to said second terminal of 
said capacitive component, said connection of drain is connected 
to said first terminal of said capacitive component, said 
connection of bulk is connected to said second terminal of said 
resistive component; 

said resistive component comprises a PMOS device having 
connections of gate electrode, source, drain and bulk, said 
connection of gate is connected via a resistive load to said 
second terminal of said resistive component, said connection of 
source is connected to said second terminal of said resistive 
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component, said connections of drain and of bulk are coininonly 
connected to said first terminal of said resistive load; and 

said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain and bulk, whereby 
said ESD pulse clamp means contains a first port and a second 
port and a third port, said first port of said ESD pulse clamp 
means is connected to said first terminal of said IC, said second 
port of said ESD pulse clamp means is connected to said second 
terminal of said IC, said third port of said ESD pulse clamp 
means is connected to said fourth port of said voltage inverter, 
said connections of bulk and drain of said PMOS device are 
commonly connected to said first port of said ESD pulse clamp 
means, said connection of source of said PMOS device is connected 
to said second port of said ESD pulse clamp means, said 
connection of gate of said PMOS device is connected to said third 
port of said ESD pulse clamp means. 

24, An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC), whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
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extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
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voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of said NMOS device are commonly connected to said second port of 
said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverters- 
said capacitive component of said ESD pulse detection means 
comprises a PMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source, drain and 
bulk of said PMOS device are commonly connected to said first 
terminal of said capacitive component, said connection of gate is 
connected to said second terminal of said capacitive component; 

said resistive component of said ESD pulse detection means 
comprises a NMOS device having connections of gate electrode, 
source, drain and bulk, said connections of source and bulk of 
said NMOS device are commonly connected to said second port of 
said resistive component, said connection of gate is connected 
via a resistive load to said first port of said capacitive 
component, said connection of drain of said NMOS device is 
connected to said first terminal of said resistive component; and 

said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain and bulk, whereby 
said ESD pulse clamp means contains a first port and a second 
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port and a third port, said first port of said ESD pulse clamp 
means is connected to said first terminal of said IC, said 
second port of said ESD pulse clamp means is connected to said 
second terminal of said IC, said third port of said ESD pulse 
clamp means is connected to said fourth port of said voltage 
inverter, said connections of bulk and drain of said PMOS device 
are commonly connected to said first port of said ESD pulse clamp 
means, said connection of source of said PMOS device is connected 
to said second port of said ESD pulse clamp means, said 
connection of gate said PMOS device is connected to said third 
port of said ESD pulse clamp means.. 

25. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC) , whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
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first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of said NMOS device are commonly connected to said second port of 
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said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverters- 
said capacitive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said first 
terminal of said capacitive component being connected to said 
first terminal of said IC; and 

said resistive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said second 
terminal of said resistive component being connected to said 
second terminal of said IC, and said second terminal of said 
capacitive component of said pulse detector and said first 
terminal of said resistive component of said pulse detector being 
commonly connected to said third port of said voltage inverters- 
said first port of said ESD pulse clamp means is connected to 
said first terminal of said IC, said second port of said ESD 
pulse clamp means is connected to said second -terminal of said 
IC, said third port of said ESD pulse clamp means is connected to 
said fourth port of said voltage inverter, said connection of 
source of said PMOS device is connected to said second port of 
said ESD pulse clamp means, said connection of drain of said PMOS 
device is connected to said first port of said voltage inverter, 
said connection of gate of said PMOS device is connected to said 
third port of said voltage inverter, said connection of bulk of 
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said PMOS device is connected to said connection of gate of said 
PMOS device via well resistance that is present in the N-well 
underlying said PMOS device. 

26. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC) , whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said. first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
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terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connection of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of said NMOS device is commonly connected to said second port of 
said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverters- 
said capacitive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said first 
terminal of said capacitive component being connected to said 
first terminal of said IC; 
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said resistive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said second 
terminal of said resistive component being connected to said 
second terminal of said IC, and said second terminal of said 
capacitive component and said first terminal of said resistive 
component being commonly connected to said third port of said 
voltage inverter; and 

said first port of said ESD pulse clamp means is connected 
to said first terminal of said IC, said second port of said ESD 
pulse clamp means is connected to said second terminal of said 
IC, said third port of said ESD pulse clamp means is connected to 
said fourth port of said voltage inverter, said connection of 
bulk of said PMOS device to connected to said third port of said 
ESD pulse clamp means via well resistance that is present in a N- 
well underlying said PMOS device, said connection of source said 
PMOS device is connected to said first port of said ESD pulse 
clamp means, said connection of drain of said PMOS device is 
connected to said second port of said IC, said connection of gate 
of said PMOS device is connected to said first port of said ESD 
pulse clamp means via a resistive load. 

27. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC), whereby said ESD protection circuit has 
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as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC having a first port that is connected to said 
first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a firsthand a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
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connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of -said NMOS device are commonly connected to said second port of 
said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverters- 
said capacitive component of said ESD pulse detection means 
comprises parasitic capacitance that is present between said 
third port of said voltage inverter and said first port of said 
IC; 

said resistive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said second 
terminal of said resistive component being connected to said 
second. port of said IC, and said first terminal of said being 
connected to said third port of said voltage inverter; and 

said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain and bulk, whereby 
said ESD pulse clamp means contains a first port and a second 
port and a third port, said first port of said ESD pulse clamp 
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means is connected to said first terminal of said IC, said second 
port of said ESD pulse clamp means is connected to said second 
terminal of said IC, said third port of said ESD pulse clamp 
means is connected to said fourth port of said voltage inverter, 
said connection of source of said PMOS device is connected to 
said second port of said ESD pulse clamp means, said connection 
of drain of said PMOS device is connected to said first port of 
said voltage inverter, said connection of gate of said PMOS 
device is connected to said third port of said voltage inverter, 
said connection of bulk of said PMOS device is connected to said 
connection of gate of said PMOS device via well resistance that 
is present in the N-well underlying said PMOS device. 

28. An Electrostatic Discharge (ESD) protection circuit that is 
connected between a first terminal and a second terminal of an 
Integrated Circuit (IC) , whereby said ESD protection circuit has 
as objective to dissipate an electrostatic pulse that originates 
from an ESD source that is connected between said first terminal 
and said second terminal thereby protecting said IC from 
potential damage that can be caused by exposure of said IC to 
extreme values of voltage from said ESD source, whereby said ESD 
protection circuit comprises: 

an ESD pulse clamp means for shunting said electrostatic 
pulse from said IC haying a first port that is connected to said 




63 



TSMC2000-004 

first terminal of said IC, a second port that is connected to 
said second terminal of said IC, and a third port; 

an ESD pulse detection means having a first input port 
connected to said first terminal of said IC, a second input port 
connected to said second terminal of said IC, an output port that 
is connected to said third port of said ESD pulse clamp means; 

said ESD pulse detection means containing a network 
comprising a resistive component having a first and a second 
terminal, a capacitive component having a first and a second 
terminal, and a voltage inverter; 

said voltage inverter of said ESD pulse detection means 
comprising a PMOS device having connections of gate electrode, 
source, drain and bulk, and a NMOS device having connections of 
gate electrode, source, drain and bulk, whereby said voltage 
inverter contains a first port, a second port, a third port, and 
a fourth port, said first port of said voltage inverter is 
connected to said first terminal of said IC, said second port of 
said voltage inverter is connected to said second terminal of 
said IC, said connections of gate of said PMOS device and said 
NMOS device are commonly connected to said third port of said 
voltage inverter, said connections of bulk and drain of said PMOS 
device are commonly connected to said first port of said voltage 
inverter, said connection of source and said connection of bulk 
of said NMOS device are commonly connected to said second port of 
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said voltage inverter, said connection of source of said PMOS 
device and said connection of drain of said NMOS device are 
commonly connected to said fourth port of said voltage inverters- 
said capacitive component of said ESD pulse detection means 
comprises parasitic capacitance that is present between said 
third port of said voltage inverter and said first port of said 
IC; 

said resistive component of said ESD pulse detection means 
comprising a first terminal and a second terminal, said second 
terminal of said resistive component being connected to said 
second terminal of said IC, and said second terminal of said 
resistive component being connected to said third port of said 
voltage inverter; and 

said ESD pulse clamp means comprising a PMOS device having 
connections of gate electrode, source, drain and bulk, whereby 
said ESD pulse clamp means contains a first port and a second 
port and a third port, wherein said first port of said ESD pulse 
clamp means is connected to said first terminal of said IC, said 
second port of said ESD pulse clamp means is connected to said 
second terminal of said IC, said third port of said ESD pulse 
clamp means is connected to said fourth port of said voltage 
inverter, said connection of bulk of said PMOS device is 
connected to said third port of said ESD pulse clamp means via 
well resistance that is present in a N-well underlying said PMOS 
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device, said connection of source said PMOS device is connected 
to said first port of said ESD pulse clamp means, said connection 
of drain of said PMOS device is connected to said second port of 
said IC, said connection of gate of said PMOS device is connected 
to said first port of said ESD pulse clamp means via a resistive 
load. 



